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IHE INFLUENCE OF CALCIUM ON MYOCARDIAL
DEPRESSION CAUSED BY PENTOTHAL
(AS STUDIED BY HIGH FREQUENCY
CARDIOMYOGRAPHY)*)

A. FRONEK and Z. PISA

From the Institute for Cardiovascular Diseases, Prague-Kré

A FALL in blood pressure. occasionally occurs during intravenous
anaesthesia with various barbiturate preparations (Wezler and Thauer 1942,
Adams 19-i4, Duesberg and Schroeder 1944, Buhr 1951). Some authors have
atrributed this fall in pressure to a direct action of barbiturates on the myo-
cardium (Roth 1935, Johnson 1936, 1938, Gruber 1937). Others have disagreed
and maineain that decreases in Llood pressure are due to vasomotor reactions
occurring in the peripheral vascular bed (Jacobi and Roemer 1911, Haynal
and Held 1950, Nikolajev 1948, Harris 1951, Svec 1953). Convulsive ana-
leptics, such as picrotoxin, metrazol, etc., have no effect in these cases, however
(Adams 1944, Locket and Angus 1952, Shoewald 1940, Stephenson 1953).

On the whole, relatively little attention has been devoted to the question
of the hypotensive effects of intravenous barbiturate anaesthesia, since blood
pressure levels fall by a maximum of 20 mm.Hg in patients with normal
tension. . Any larger fall in blood pressure is caused rather by toxic -doses.
Adams has shown that even with moderate levels of pentothal anaesthesia,
the blood pressure in hypertensive patients often falls by about 60 mm. Hg.
With suchr marked lowering of pressure a sudden decrease in coronary blood
tlow threatens those patients who already suffer from latent or frank ischaemic
cardiac disease. The risk is also increased in-patients in whom this effect of
pentothal anaesthesia is superimposed upon an already lowered blood pressure,
as, for example, in shock. An unusually high mortality rate was found in
shocked patients following the Pearl Harbour air raid, when conditions
necessitated the use of i. v. barbiturate anaesthesia (Adams 1944). Harris
(1951) mentions the observation of McMartin that patients with dysentery
are abnormally sensitive to ordinary doses of sodium pentothal.

*) Abbreviated version presented at the IIIrd Congress of Czechoslovak Physiologists,
Pharmacologists and Biochemists, Prague 1954.
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The decrease in blood pressure during i. v. barbiturate anaesthesia is,
therefore, not without importance, and in certain cases it is very much in the
patient’s interest to bring about a return of blood pressure to the original level
as quickly as possible.

Fig. 1. Topographical sketch of the placing of high frequency cardiomyography
clectrodes (5), catheters (2), descending branch of left coronary artery (3),
side branch (1), left ventricle (A), right ventricle (B);
arrow marks the site of occlusion.

In the studies to be reported the factors causing a decrease in the blood
pressure during intravenous anaesthesia with sodium pentothal (ethyl, 1-methyl.
butyl, sodium thiobarbiturate) were more closely analysed and an attempt was
made to influence this decrease therapeutically. The effect of this therapeutic
intervention on the duration and depth of anaesthesia was also investigated.

METHODS

Experiments were carried out on a total of 15 dogs (weight 18—25 kg.),
12 dogs under initial light pentothal anaesthesia (30 mg./kg. body weight),
and 3 under initial chloral anaesthesia (100 mg./kg). Mean arterial blood
pressure was recorded from the femoral artery, using a mercury manometer.

In eight experiments, simultaneous measurements of aortic blood pressure
were taken with a condensor manometer (Hansen 1949) as well as the type
designed by Vokoun (1953). In addition, myocardial contraction was register-
ed by means of high frequency cardiography (Fronék and PiSa, 1954), and
the ECG was recorded from an epicardial wick electrode moistened with
physiological saline.
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In a series of six experiments, 25—50 mg. of sodium pentothal were
introduced, over ‘a 20-second period, directly into a previously prepared side
branch of the left descending coronary artery, according to the method of
Tennant (1935). This method was modifted so as to introduce a fine nylon

Lig. 2. The course of the blood pressure following intravenous administration of sodium pento-

thal (P) and CaCl, (CA). The blood pressure falls from 54 mm. Hg to 23 mm. Hg.

catheter into the artery through which test material could be injected. The
advantage of this method lies in the fact that the blood strcam carries the test
solution injected into the left descending coronary artery, into an intact arex
(where myography clectrodes and ECG are placed), and does not involve
damaging the arca supplied by the descending branch iwself (fig. 1.).

In a further series of experiments we investigated the cffect of administ-
cring 10%  CaCl, intravenously on the duration and depth of pentothal
anaesthesia. The studies were carried out in rabbits weighing 2.5—3.5 kg. All
animals were injected with sodium pentothal, 45 mg./kg. body-weight, at the
rate of 25 mg. pentothal per minute. The duration and depth of anaesthesia
were estimated as described by Magnus and Girundt (1922, 1926 and 1932),
at threc minute intervals. Ten rabbits, forming the control group, received
pentothal only. 24 animals were given in addition 10% CaCl, in doses of
90 mg./kg. immediately after the completion of the pentothal injection. Dur-
ation and depth of narcosis were then estimated in the same manner in both

groups.

METHOD OF HIGH FREQUENCY CARDIOMYOGRAPHY

In cssence this method registers changes in high frequency current, as
measured across two clectrodes, originating in changes of the impedance of
heart muscle (fig. 1, ¢). The clectrodes are fixed to the hecart surface in

experimental animals. One can use a high frequency bridge or a voltage divider
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aircuit, supplied by a generator at 300 Kc/second. Rhythmic changes in resist-
ance occurring between the. electrodes imbalance one side of the bridge, or
the potentiometer. An electronic voltmeter with pre-amplifier, coupled in
the usual way, can be used as the recorder system. We have worked with an

Fia. 3. Recording of changes in blood pressure and cardiac muscle contraction following 1. V.

administration of 500 mg. sodium pentothal (b) and 5. mi CaCl, (c). Control record beforc

administration (a). Order of curves: 1. ECG (standard lead 11). 2. Aortic blood pressure.
3. Epicardial ECG. 4. High frequency cardiemyogram,

instrument designed by Vokoun (1952) for impedance plethysmography. Small
spring clamps weighing 0.1 g. were used as electrodes. In systole, when the
clectrodes approach each other, the resistance between them decreases (which
appears in our records as a downward movement of the curve), and then, as
the electrodes diverge in diastole, the resistance across them increases. By
detailed analysis of curves thus obtained and simultaneous recordings of epi-
cardial ECG and aortic and lefe ventricular blood pressure, we have found
it possible to distinguish, in these myographic curves, the separare phases of
systole and diastole, as described by Wiggers (1949).

It has been possible to show, following a detailed analysis of this method,
that alteration in resistance between the electrodes and, thercfore, the shape
of the curves is primarily the result of changes in the distance seporating the
clectrodes. The possibility of phasic changes, caused by the coronary flow, has
been excluded by experiments in which myocardiographic curves were recorded
continuously before and after occlusion of a coronary artery. These showed
that the curves do not change immediately following occlusion, when the flow

8
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in the coronary bed ceases. Changes only appear, on an average, some 10
systoles after occlusion, when the actual nature of contraction in the ischaemic
portion of myocardium has altered (PiSa and Fron&k 1954). Changes in the
thickness of the heart muscle, which could account for the alteration in resist-

A

Fig. 4. Changes in myocardial contraction following intracoronary injection of first, 50 mg.
scdium pentothal and; subsequently, 1 ml. isotonic CaCl,. Order of curves from above down-
ward: Aortic blood pressure, epicardial ECG, high frequency cardiomyography’ A - control
record preceding injection, B - changes in myographic curve 10 seconds after heginning pento-
thal injection (total time for injection was 20 seconds). 20 seconds after completion of pento-
thal injection, intracoronary injection of CaCl, was begun, also taking 20 seconds for com-
pletion. C - Recording of changes in myographic curve 7 seconds after beginning CaCl,
- injection. D - Record taken 20 seconds after completion of CaCl, injection.

ance, varying in the same direction. One finds that as the heart wall becomes
thinner, the clectrodes diverge and the resistance rises, and conversely.

Variation in ionic equilibrium or pH could affect the specific tissue
resistance and thus the myographic findings. Such pH and ionic equilibrium
changes, however, are not phasic but relatively slow (Frunder 1951). They
could not, therefore, be expected to influence a myographic record obtained
using an R—C coupled amplifier. In order to exclude, however, any possible
influence of slow changes on the genesis of the high frequency myograph, we
recorded myographs following occlusion of the descending branch of the left
coronary artery both with a D—C coupled amplifier, which would pick up
even the slowest changes, and with a condensor coupled (R—C) amplifier
ordinarily used. No fundamental differences were found in the myographic
curves recorded with the two circuits. In other words, slow tissue changes,
pH or ionic, do not affect myographic records to any significant extent.

This method of high frequency cardiomyography is suitable for studying
physiological and pathophysiological problems associated with myocardial
contraction.
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RESULTS

I. EFFECT OF INTRAVENOUS ADMINISTRATION
OF PENTOTHAL

Thirteen dogs were given pentothal intravenously in doses which caused
towering of the blood pressure to levels of about 30 mm. Hg. Fig. 2 shows
the blood pressure course following i. v. injection of 500 mg. of pentothal.
Comparable falls in pressure occurred in all 13 experiments (tab. I). In these
experiments in which the thoracic cavity was open, the pericardial sac sutured
open and the heart under direct vision, we were able to detect weakening of
cardiac contraction associated with the decrease in blood pressure, in most
cases. The changes in aortic pressure and cardiac contraction are shown in
fig. 3. In this particular record both the blood pressure fall and weakening of
contraction were very marked (fig. 3, b).

One can conclude from these experiments that a weakening of myocardial
contractile strength plays an important role in the hypotension occurring under
these experimental conditions.

I, EFFECT QOF INTRACORONARY ADMINISTRATION
OF PENTOTHAL

The direct action of pentothal on the myocardium was further confirmed
in another series of experiments, in which different concentrations of pentothal
(25—50 mg. kg.) were injected directly into a coronary artery.

One can postulate thar, if sodium pentothal caused reduction in contractile
strength of that part of the myocardial muscle into which it was injected, the
resulting myographic curve would alter, not only in consequence of this
weakening of affected musculature, but that changes recorded from the damag-
ed muscle would be exaggerated by increasing intraventricular pressure during
svstole of the intact muscle. That is to say, that the damaged muscle would
be overstretched during systole and thae, instead of contraction, one should find
ballooning of the muscle. The myographic picture would thus be entirely
reversed since the electrodes during systole "would be diverging rather than
converging. This would produce a picture similar to that following occlusion
of a coronary artery (fig. 5). In fig. 4 we sce that, following intracoronary
administration of S0 mg. sodium pentothal in 20 secs., such changes in contract-
ion of the affected muscle do in fact occur, and the myographic curve is com-
pletely inverted (fig. 4. b). In other words, the damaged myocardial muscle
undergoes aneurvsmal dilatation during systole.

|e

Approved For Release 2008/01/30 : CIA-RDP80-00926A008900240002-1



Approved For Release 2008/01/30 : CIA-RDP80-00926A008900240002-1

REVIEW OF CZECHOSLOVAK MEDICINE - 19595 -1~

These findings indicate that sodium pentothal acts directly on the myo-
cardium, causing reduction of contractile strength.

We have sought some means of reversing this depressant action of pen-
tothal on the myocardium. It is known that calcium stimulates myocardial

Fig. 5. High frequency cardiomyogram taken before and after occlusion of the descending
branch of the left coronary artery. Order of curves: as in Figure 4.

contraction (Beck and Mautz 1937, Dale 1952, Danielopolu 1922, Gross 1953,
Kay and Blalock 1951, Kunzova 1941, Rothlin and Cerletti 1952). We there-
fore tried to abolish the effect of pentothal on the myocardium with calcium.
Fig. 2 shows rapid restoration of the lowered blood pressure following the
itravenous injection of 5 ml. of 10% CaCl,. In 12 out of 13 trials, the blood
pressure returned almost to original levels after the i. v. administration of
calcium. In the 13th, which was unsuccessful, the pentothal intoxitation had
been repeated within a short period of time. In fig. 3c are shown not only
blood pressure changes following intravenous CaCl., but also striking alteration
in myographic curves reflecting changes in the strength of myocardial con-
traction. -

The results of intracoronary injection of isotonic CaCl., after pentothal
depression as was already established represent further evidence that the hypo-
tensive action of pentothal is a cardiac one. Fig. 4 illustrates a typical experiment
in which the picture of myocardial dilatation was evoked by intracoronary
injection of pentothal. Twenty seconds after the completion of the pentothal
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injection, 1 ml. isotonic CaCl, was given by the same route. The rapid recovery
of cardiac muscle function is evident in the myographic curves shown in fig. i,
C and D. In contrast, in control experiments, changes caused by intracoronary
pentothal lasted more than 40 seconds.

III. EFFECT OF CALCIUM ADMINISTRATION '
ON THE DURATION AND DEPTH OF ANAESTHESIA

In order to ascertain whether intravenous calcium had any influence o
the duration and depth of pentothal anaesthesia, tests were carried out in
rabbits. In the ten tabbits, forming thé control group, which received only
pentothal, anaesthesia lasted an average of 41.9 minutes. (tab. 1I). In a sccond
aroup of 24 animals, CaCl, was given immediately after the pentothal, and in
this group the average duration of anaesthesia was 35.5 minutes. The difference
between the groups was not statistically significant (P = 0.5). The effect of
calcium on the depth of pentothal anaesthesia was also investigated. Different
stages of anaesthesia were determined as described by Magnus and Girundt.
In tab. II arc summarized the average lengths of time after the administration
of pentothal when the signs of the various stages of anaesthesia appeared in
the anjmals. Differences in the course of narcosis between the control group
and the group recciving CaCl, were not significant.

DISCUSSION

One can conclude from the experiments described above that an important.
if not the chief, cause of hypotension during intravenous pentothal anaesthesia
is the dircct depressant action of this barbirurate on the myocardium. This con-
clusion is in agrcement with recent experimental work, explaining anaesthetic
collapse by a fall in cardiac output with considerable increase in peripheral
vascular resistance (Buhr 1951, Duesberg and Schroeder 1944, Wezler and
Thauer 19:42). We fully realise that the doscs of pentothal used in our
experiments are toxic. Due to the unequivocal efficacy of calcium in restoring
blood pressure levels in clinical trials (see below), it can be postulated, how-
ever, that hypotension following ordinary doses of pentothal is brought about
by the direct action of pentothal on the myocardium. It would be very difficult
to cxplain this therapeutic efficiency of calcium, which itself acts as a vaso-
dilator (Rothlin and Cerletti 1952), if hypotension during pentothal anac-
sthesia were a result of vasodilatation occuring in the face of an unchanged
cardiac output.
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Table L

Dose of
pentothal

Anae-
sthesia

Dose of
CaCl2

Blood pressure (mm. Hg.)

followingl following Remarks

initial

Pentothal

0.25 g.
1 g &

pentothal | CaCl,

110 0 90

Pentothal
09 g

0.1 g.

Pentothal
09 g.

0.5 g.

18 60

Pentothal
2e

11‘
' l

|

12

|

Pentothal
1g +
100 mg
chloralose

Pentothal
1g +
100 mg.
chloralose

A P

unsuccessful
{same dog as 5,
repeat experiment)

10 28.4.54 |

5.5.54

8.6.54

Pentothal
1 g

Pentothal
1 g

| Pentothal
10.15 g. +
| chloralose

Pentothal

Pentothal ‘
1g

04 g

125 1

80 !
i later 95 1

|
\ Chloralo<el

0.5 g.
‘ 2.4 g &

9.6.54

} Chiloralose

0.3 g
I 2.02 g &
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Table IL

Depth of anaesthesia

uration . . . . .
. Durat (time in minutes following completion

No. uf of anae- of pentothal injection when different

animals sthesia
stages appeared)

(minutes )

1A% ‘1 m I

e —

Conerl Gro
aintrnd Group 10 419 8.8 \ 15.4 25.0 31.0
rentnthal or.y ) ; | . .

e ’,ﬂg,__l

(. given
Cals, gives 14 155 \ 118 18.3 24.6 l 29.6

. .
afser pertothal

Ir is difficult to determine whether the therapeutic effect of calcium in
our experiments can be ascribed to a tonic effect of calcium on the myocardium
or to pentothal detoxication by calcium in the body. One would expect that
if deroxication of pentothal werc involved, calcium would influence narcosis
sls0, ¢ither by shortening the duration of pentothal anaesthesia or affecting
irs depth. This did not occur in our experiments. We may therefore assume
«ome interference by calcium with myocardial metabolism.

Kunzova (1941) found that it was possible to abolish the depressant
Lction of some barbiturates on the frog's heart by alkalizing the surrounding
bath with NaHCOs. In these experiments, no alkalization was involved, sincc
the solution of CaCl, employed was ncutral, and the chloride ion in the bddy
canses exeraccllular acidosis. Furthermore, Kunzova was unable to reverse the
inyocardial depression caused by evipan by mcans of NaHCO: solution. Evipan
i chemically and  pharmacologically very similar to those barbiturates in
common clinical use. A possible explanation is that the observed action of
calcium s connected with activation of cholinestcrase in the heart. That is,
pentothal inhibits cholinesterase (Govicr et al. 1953), while calcium has been
found to activare it (Mendel et al. 1939, Nachmansohn 1940).

We belicve that the results of our studics may be of some value in increas-
ing the safety of intravenous pentothal anacsthesia. Even if the moderate falls
in blood pressure which often occur do not endanger normal patients, the
drculatory catastrophes described previously may be precipitated by accidental
overdosage or the use of more toxic preparations.

As was mentioned in the introduction, blood pressure in hypertensive
paticnts often falls by about 60 mm. Hg during pentothal anacsthesia. Such
paticnts often suffer from latent or manifest ischaemic cardiac discasc. In these
cases, collateral circulation is of the greatest importance in maintaining
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adequate nutrition of the myocardium (Blumgart 1951, Blumgart et al. 1950).
It is known that the blood flow through the coronary circuit is dependent
primarily on the height of the mean aortic pressure (Gregg 1950, Hochrein
1932, Wiggers 1950). Areas of myocardium supplicd by collatcral circulation
are particularly endangered by a decrease in blood pressure, since a fall of
even 20 mm. Hg in pressurc gradients may scriously threaten myocardial
ischaemia (Prinzmetal et al. 1949, Wiggers 1945). Prolonged hypotension
during anacsthesia may thus scriously endanger paticnts with latent or manifest
ischaemic cardiac discasc.

Paticnts suffering from shock, as mentioned above, are also particularly
susceptible to the depressant action of sodium pentothal. Such paticnts may
also benefit from the therapeutic reversal of pentothal depression by calcium.

One can also conclude from our studies that the intravenous administration
of CaCl, can increasc the safety of i. v. pentothal anacsthesia without causing
any change in its duration or depth, particularly in patients with occult or
frank myocardial ischacmia and in cereain other cases, when the myocardium
is already endangercd by hypotension as in shock. It should also be possible
to make use of the cffect of CaCl, therapeutically in the case of accidental
overdosage, or when more toxic preparations arce used.

Keszler and Racenberg (personal communication 1954) have tried the
intravenous administration of calcium in approximately sixty cases of hypo-
tension occuring in the course of surgery carried out under intravenous barbitur-
ate anacsthesia. With virtually no cxception, rapid restoration of the blood
pressure to safe levels was obtained.

Summary

1. A weakening of ventricular contraction during intravenous administr-
ation of pentothal has bcen demonstrated with high frequency cardiomyo-
graphy. A dircct depressant action on myocardial muscle by this drug has also
been shown following its intracoronary administration.

2. It has been found that falls in blood pressure caused by pentothal are
immediately reversible by the intravenous administration of 5-—10 ml. of
10% CaCl.. '

3. The intravenous administration of CaCl, affects neither the duration
nor the depth of anaesthesia in rabbits.

4. It is emphasized that these findings may be of importance in increasing
the safety of intravenous barbiturate anaesthesia:
a) in patients with latent or manifest ischaemic myocardial disease,
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b) in patients suffering from shock,
c) in cases of accidental overdosage, or when more toxic preparations are
used. ' ‘
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Chronie l’yvlonvphrilis and Hypcrtcnsion

BY .J. BROD
Institute for Cardiovascular Discases, Praha-Kré, Czechoslovakia

(Read by K. WEBER)

If we are inclined today to consider the kidney in hypertensive discase not as the
culprit but as a vietim of a discase process starting somewhere else in the body, we
still cannot doubt that the discased kidney is the cause of hypertension in the late
stages of chronic glomerulonephritis. Many tacitly assume that the rise of blood pres-
cure in chronic glomerulonephritis is due to an overproduction of hypertensin,
although we are no more succe=sful with its demonstration in systemic or renal
venous blood here than in hypertensive disease.

The situation scems to be different with chronic pyelonephritis. According to

aaschou this discase is the most prevalent of renal diseases. Our knowledge of this
condition is, however, very inadequate; its symptomatology i3 very poorly worked
out and its diagnosis by the usual clinical means—with the exception of cases with a
clear-cut history and gross pyuria—is usually uncertain. Opinions about the changes
of blood pressure in this condition differ widely. On the one hand it is well known
that even serious chronic pyelonephritis may develop without any eclevation of the
blood pressure. On the other hand the finding of hypertension in subjects with
pyelonephritis is attributed by many authors, without hesitation, to a disturbed
renal blood supply. Others argue that the incidence of the hypertension in chronic
pycl(mcphritis--ospccially unilateral disease—is similar to its incidence in the
general population; they conclude, therefore, that high blood pressure in chronic

_ pyelonephritis is due to a fortuitous coincidence of chronic pyelonephritis with
hypertensive discase. There is yet another extreme view, namely that chronic pyelone-
phritis or some other abnormality of the urinary passages is the ctiology of more than
one half of the cases of “essential’” hypertension.

It is clear that this great divergence of opinions about blood pressure in chronic
pyelonephritis is due in the first place to the difficulty in recognizing this disease.
Raaschou has contributed much to an improvement in its diagnosis by a thorough
clearance investigation. However, the nature of the method makes its application in
everyday clinical practice unsuitable.

We happened to investigate renal function six years ago in a subject who died
with the clinical picture of malignant hypertension and in whom the autopsy revealed
chronic pyelonephritis. The functional findings, which before the biopsy were in-
comprehensible to us, led us to the belicf that chronic pyelonephritis differs from
other renal discases by its renal functional pattern. This may be casily established
by simple laboratory mecans which are within the reach of the majority of even small
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TABLE 1 Symptoms of pyelonephritis.

Urinary

deposit Renal functions Urography

Clinical picture

Number

Resorpt.
invest

Haema-
FFixation
spec. w.
below1012
nephrosis
Hypo- or
afunction
or other
abnorm.

Cystopyelitis

-
s o
—
—

Nephrolithiasis

|

Unspecific symptoms
(pyelonephritis  cer-
tain or very likely) .

Unspecifie symptoms.
Pyelonephritis  un-
certain . . . . . .| 16

Diugnosis unconfirmed

on autopsy . . . . R 2 2

Total {127 99 108 f D221 42 (21

~ Note: Bacteriological investigation was carried out only in one part of the cases.

hospital laboratories. This specific functional pattern may thus be used to establish
the diagnosis of chronic pyelonephritis. 1t consists of the following changes: (1) A
disproportionate prevalence of leucocytes over erythrocytes in the quantitative
Addis count (the hyperaemic mucosa of the urinary passages might, of course, bleed
occasionally, in which case this typical change of the deposit is lost—haematuria
thus does not exclude the presence of chronic pyelonephritis). For the discovery of
this change an ordinary examination of the urinary deposit is inadequate. (2) The
function of the distal tubule is damaged to a higher extent than the function of the
glomeruli; we find, therefore, a marked hyposthenuria or isosthenuria along with a
relatively satisfactory glomerular filtration (clearance of “endogenous’ creatinine).
With unilateral disease it is necessary to realise that the isosthenuric urine of the
discased kidney is mixing with the normally concentrated urine of the healthy
kidney and that the final specific gravity depends on the ratio of the urines of the
two kidneys. (3) The degree of the tubular reabsorption of water is depressed fre-
quently below the usual daily average of 99.0-99.2 % of the filtered amount. In more
advanced forms of the disease the facultative reabsorption of water in the distal
tubule stops altogether and the rate of tubular reabsorption falls towards 85-90 9.
The resulting polyuria is much more striking than the polyuria of chronic glomeru-
lonephritis. (4) The specific gravity of urine from the diseased kidney frequently
becomes fixed, contrary to glomerulonephritis, at values below 1012.
Intravenous pyclography may help in the recognition of unilateral discase and,
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along with retrograde pyelography, it may yield information about the distortion
in the shape of the ealyees, renal pelvis or ureters. However, it may also be normal
and, in general, it is impossible to base the diagnosis of chronie pyelonephritis on an
abnormal shape of the urinary passages.

With these new possibilities in the clinieal diagnosis the question of hypertension
in connection with chronic pyelonephritis was reviewed. It was first nccessary to

BELOW 40 YEARS ABOVE 40 YEARS

NEGATICE FAM (Y POSITIVE FAMILY NEGATIVE FAMILY POSITIVE FAMILY
WL TORY HISTORY HISTORY HISTOR Y

PN CHOL PN CHOL PN CHOL PN

51 16 1 40 36 30 27

32 5 6
627"

X 736 1 ' 15.20
P - 0.01 0.001

[J NORMAL 8P B HYPERTENSION
Fig. 1.

establish that the described functional pattern is really specific for chronic pyelone-
phritis. In the last 6 years we made this diagnosis in 127 patients (Table 1). Typical
changes in the urinary deposit were found in 99, whereas in 27 erythrocytes were
prevalent and only in 1 patient with a grave renal functional disturbance was the
Addis count normal. 66 of these subjects (i.e. 52 %) suffered from distinct eytopyelitic
symptoms (dyvsuria, frequency of micturition, pain in the loins, occasional tempera-
ture rise). 52 of these had the above-mentioned functional changes while 3 were
not sufficiently investigated. Of the 50 patients with renal calculi which we have

examined since 1948, 19 had renal funetional changes or signs of inflammation in the
urinary passages. 18 of them had the above-mentioned functional pattern. 42 patients
(33 2,) were examined for some other symptoms which did not point directly to pye-
lonephritis: half of them for proteinuria which was found by accident, others for
signs of cardiac or renal failure, back pain, haematuria, head-ache, high blood
pressure, anorexia cte. In 36 of them the described dissociation between the glomeru-
Jar and tubular function was found, 1 was not fully investigated and in 2 function
was normal. Objection may” be raised to the actual proof that these last 42 subjects
really suffered from chronic pyeclonephritis. This question may be answered on the
basis of urological investigation, urography, renal biopsy or autopsy, all in the
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Fig. 2.

affirmative in 22. In a further 2 the diagnosis was highly probable. Of the remaining
18 subjects it is not possible to exclude the diagnosis in 16: 13 of them had micros-
copic pyuria, and in 10 of the 11 examined bacteriologically, the urine was infected.
Oniy in 2 females who died was it impossible to verify the diagnosis by necropsy, the
post-mortem showing only serious nephrosclerosis without signs of pyelonephritis
in one, and thrombosis of the renal artery with renal contraction in the other.

It may thus be concluded that, so far, only 2 of the 108 persons in whom this
functional pattern was found had no chronic pyelonephritis. In 92 the diagnosis
may be considered as firmly established. 13 of the remaining 14 had a microscopic
pyuria and in 10 the urine was infected. We may, therefore, u e this functional
pattern to establish—with a high degree of probability—the diagnosis of chronic
pyelonephritis.

Let us consider next the behaviour of blood pressure in cases of chronie pyelone-
phritis diagnosed in this way. The results are summarized in Fig. 1. where the inci-
dence of high blood pressure in our patients with chronic pyelonephritis is compared
with the incidence of hypertension in 100 subjects with chronic cholecystitis. Because
of the previously mentioned objection of some authors that high blood pressure in
chronic pyelonephritis merely means a chance coincidence of pyelonephritis and
hypertensive disease, we have divided our patients into an age group below 40 years
when hypertensive disease is relatively rare, and above 40 when its incidence rises
markedly. A further subdivision into subjects with and without family history of
hypertension was necessitated by the fact that the incidence of hypertensive disease
is much higher in the first group. It may be seen at first sight that in all subgroups
the incidence of hypertension in our subjects with chronic pyelonephritis is much
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TABLE 1L Relation of hypertension to a unilateral disease.

Unilateral disease Bilateral disease

Clinieal pieture Blood pressure Blood pressure

Normal Elevated Normal Tlevated

Cystopyehitis . L 13 14 11
Pathiasi= o . . . . . 8 b 4

Other sviaptoms . T 7 11

Total 28 26 26

above that in chronie choleeystitis. As might be expected, hypertension is more
frequent in the older age group, having been encoutered in more than 2,3 of the
patients. Its incidenee is expecially impressive in the sub-group over 40 with a positive
family history, where 8159, of all subjects had a high blood pressure. However, in
the vounger age group the incidence of 25 out of 62 patients, ie. 40.3°,, was also
far above the incidence of high blood pressure in the general population of that age.
The incidence of hypertension in subjects with a negative family history (37.39,)
was not much below the average incidence for the whole younger age group. 'The
overall incidence of hypertension in all our subjects with chronie pyelonephritis was
.20, differing strikingly from the 159, incidence in the whole group of suhjects
with chronice choleevstitis,

It follows from Fig. 2 that the incidence of hypertension increases with the degree
of renal damage but it is high also in subjects whose rate of glomerular filtration is
within the normal range.

Table 11 gives at least a partial answer to the question as to what extent unilateral
renal disease might be the cause of a raised blood pressure. Tt may e seen that, based
on radiological and urological findings, we were able to express our opinion whether
one or both kidnevs are affected in 98 subjects. The disease was predominantly
unilateral in 54 26 (i.e. 48.29,) of these had hypertension. The incidence of hyper-
tension in the bilateral disease is somewhat higher (59°,) but the difference is not
grcat. The result also speaks in favour of a narrow relationship between a unilateral
kidney disease and hypertension,

This follows, moreover, from the numerous reports of cured hypertensions follow-
ing the removal of pyelonephritic kidney. Such cases are suffciently well known
today so that I may abstain from presenting a further striking example of such a
cured malignant hypertension which we have had under observation for the past 2
vears,

This case brings out, however, a further important point about hypertension in
chronic pyelonephritis, namely, that it may take on a malignant course. This occurred

in 11 out of our 69 pyelonephrities with hypertension, i.e.in 15,90, This incidence is
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TABLE 111 C'hronic pyelonephritis with maliynant hypertension.

tive istor] pro- . 1 .
l'u.\lf.l\l History ¢ rinary deposit (ilomer Spee. Aue
family Jofeysto ular }sos- i ;

- : . MY . grav, topsy
Name history | pyelitis ary. | filtra- | then- helow or
of hyper-for lithi- Lenco- thro- tion uria 1012 1 biopsy

tension | oasis [ O¥tes 0O rate = P

10 - v

10 . P.-N.
7.8 . e

14.2 - + Nephro-
scler.
I..N.

Nephro-
seler.?
I.-N.
P..N.
I'-N.

P.-N.

similar to the incidence of the malignant course of hypertension in hypertensive
disease. The data of all of these 10 subjects are shown in Table 111, 1t may be seen
that they all had a similar functional pattern, namely, isosthenuria which in 9 of
them was fixed below 1012, On the other hand the rate of glomerular filtration was
below 25 ml/1 min. only in 7. In 8 leucocytes were prevalent in the urinary deposit.
In 2. whose diagnosis was confirmed by autopsy, the urinary deposit was quite
insigmificant. In 6 the diagnosis of pyelonephritis was confirmed by autopsy or biopsy,
in I an autopsy was not performed. In 2 females whose clinical and functional picture
did not differ in the least from the findings in other patients, only signs of a grave
malignant nephrosclerosis or renal artery thrombosis were found on autopsy. It iz
interesting to note that there was nothing in the past hisfm'_\' of any of these patients
that would suggest a disease affecting the renal pelvis or the urinary passages.

The relation between this very serious renal disease and hypertension is shown
i Table TV, It may be seen that this functional pattern was found in 20 subjects
(i.e. 15.79,) of which 16 (i.c. 80 2,) had hypertension. In one half of these the hyper-
tension was malignant. A positive family history of hypertension could be found only
in 6 of these patients.

We may now draw the following conclusions:

I. The functional changes which we have deseribed are highly suggestive of chronic
pyelonephritis,

2. The incidence of hypertension in subjects with chronie pyelonephritis is far
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TABLE IV Pyelonephritis with fixation of the specific gravity of urine below 1012.
(Out of 127 cases of pyelonephritis.)

Family history
of hypertension

Malignant

Hypertension hypertension

16
(80 %)

above the incidence in subjects suffering from other chronic diseases and significantly
exceeds the incidence of hypertension in the general population.

3. Although the incidence of hypertension is higher in subjects whose kidneys
are gravely damaged by the disease process, it is also strikingly high in subjects whose
renal function is little altered. ‘

4. The frequency of the malignant course of hypertension in subjects with pyelone- |
phritis and high blood pressure is similar to that of subjects with hypertensive |
discase. Malignant hypertension has been found especially in cases with a very
severe renal lesion. )

5. Although the incidence of hypertension is higher in subjects with a family
history of hypertension, especially if they are over 40 years of age, it is also very .
frequent in subjects below 40 with a negative family history. This speaks against
a chance coincidence of chronic pyelonephritis and hypertensive disease and corrob-
orates the view that chronic pyelonephritis is the cause of the elevation of the
blood pressure. This, of course, does not necessarily mean that a renal humoral
mechanism is reponsible for the rise in blood pressure. Hypertension in subjects
with a perfectly normal glomerular filtration, does not favour this view although
it does not disprove it. On the other hand the 80 % incidence of hypertension in
pyelonephritics over 40 with a positive family history, brings out the question of
whether pyelonephritis has some causal connection with the origin of true hyperten-
sive discasc. This has already been suggested by Braasch (122). A clinical sympto-
matology indistinguishable from that of the early stages of hypertensive disease
speaks in favour of this idea. It is further corroborated by the findings of Fencl and
Hejl that the dynamic cold pressor test gives a significantly higher incidence of
“hyperreactors” among normotensive subjects with chronic pyelonephritis than
among normotensive subjects without any renal disease. It is a common experience
with the new antihypertensive drugs that chronic pyelonephritis with hypertension
yields to an adrenergic blocking agent, in the same way as the raised blood pressure
of early hypertensive disease, but unlike the hypertension produced by renal pressor
substances.

1t is a fact there is a multitude of sensory nerve endings on the renal vessels both
in their extrarenal and in their intrarenal course. Thus there is a possibility for a
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disturbance of the central nervous regulating mechanisms by a host of abnormal
stimuli from the discased kidneys. There is, therefore, a possibility for a disturbance
of the central nervous regulating mechanisms of blood pressure, which we think is
the basis of the development of hypertensive disease.
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